and its role in human disease needs clarity and continued surveillance.
The transmission of HAstVs is mainly from person-to-person through the faecal-oral route 4 and outbreaks due to contaminated food and water sources have been reported. 3, 9 Clinically, HAstVassociated diarrhoea in children presents similarly to rotavirus (RV) and norovirus (NoV) infections but with lesser severity. 3, 10 Astroviruses have been detected in asymptomatic children 11 and death due to protracted diarrhoea 12 and disseminated disease has been reported. 13 Classic HAstVs are distributed worldwide and are associated with 2.9% to 5.0% of acute diarrhoea in children. 3, 7 In the MAL-ED birth cohort study that investigated community-acquired diarrhoea in children from South America, Africa and Asia, the adjusted attributable fraction for HAstVs in age group 0 to 11 months was 2.7% and in ages 12 to 24 months, 4.2%. In both age groups, Campylobacter spp., norovirus GII (NoV GII) and RV preceded HAstVs as the foremost causes of diarrhoea. 14 A multicentre study in USA of children less than 5 years of age, detected HAstVs in 4.9% (38/782) of diarrhoeal cases compared with 3.0% (15/499) in healthy controls (P < 0.001). 15 Many countries on the African continent have identified HAstVs in children with diarrhoea. In Mali, 0.8% to 3.2% of HAstV cases were detected in children aged 59 months and younger. 16 Varied prevalences have been reported from Kenya (6.3%; 30/476), 17 Ghana (3.3%; 12/367), 18 Egypt (6.3%; 23/364), 19 Nigeria (40.4%; 65/161), 20 Burkina Faso (2.1%; 1/48), 21 Kenya and The Gambia (9.9%; 94/949) 11 and Tunisia (4%; 2/50). 22 Data on HAstV-associated diarrhoea in human immunodeficiency virus (HIV)-infected individuals are limited. 6, 23, 24 An investigation of enteric opportunistic infections in HIV-infected adults showed that
HAstVs were detected more frequently in persons with diarrhoea (12.0%) than in persons without diarrhoea (2%; P = 0.003). 5 In HIVinfected children, HAstVs infections were associated with diarrhoea and an increase in the severity of clinical symptoms. 6, 23 Astrovirus infections in all persons with compromised immune systems are important due to the potential for extra-intestinal pathogenesis. 24, 25 The first report of HAstVs in Johannesburg, South Africa (SA) was in 1979. The virus was identified by electron microscopy in stool specimens of a 6-month-old infant with gastroenteritis. 26 In 1997,
HAstVs were detected coinfecting with RV and human adenovirus (HAdV) in a multipathogen outbreak of gastroenteritis at a child care centre in Pretoria. 27 The prevalence of HAstVs has been investigated in selected areas of SA; namely Tshwane [28] [29] [30] and Johannesburg 31 but to date no multiregional investigations have been carried out.
| OBJECTIVE
We investigated the epidemiology of HAstVs in paediatric patients aged less than 5 years that were hospitalised with diarrhoea, from four sentinel sites in SA. Strand cDNA Synthesis Kit (Roche) incorporating random primers (Roche). Real-time PCR was performed for HAstV detection using 5 µL cDNA in the LightCycler ProbeMaster kit (Roche) and primers and probe mix as previously described. 33 The nucleic acid was screened for HAdV, NoV GI, NoV GII, sapovirus (SaV) and RV as previously described. 34 The inoculated Cary & Blair media was subcultured on bacterial growth media and colonies grown were tested for Escherichia coli (E. coli), Campylobacter spp., Shigella spp. and Salmonella spp. on the VITEK-2 compact system (BioMérieux, Marcy L'Étoile, France).
Bacteria identified by the VITEK-2 were further characterised by PCRs. 34 When available a stool specimen aliquot was tested for
Ascaris lumbricoides, Entamoeba coli, Giardia lamblia, Cryptosporidium spp. and Isospora belli. 
| Data analysis
The clinical and demographic characteristics and surrounding environmental factors were compared between HAstV-positive and HAstV-negative cases. Within the HAstV-positive cases, HIV-infected patients were compared with HIV-uninfected patients. Among HIVuninfected patients that were HAstV-positive, the differences between HIV-exposed and unexposed cases were investigated. When a patients' HIV status or HIV-exposure was unknown, the record was excluded from further analyses.
Patients who were HIV-uninfected, and born to a HIV-infected mother were defined as HIV-exposed HIV-uninfected (HEU detected with HAstV infections. Variables were compared between patients comprising the selected groups by bivariate pairwise analysis and resulting P ≤ 0.2 were included in the multivariate regression model using the forward selection method.
Odds ratios (OR) were calculated for differences within groups and Specimens collected from children with unknown HIV status were excluded from further analysis (n = 60). All other HAstV-positive patients (n = 174) were included in the analysis, irrespective of full or partial screening of the specimens for enteric pathogens.
The prevalence of detecting HAstVs was similar in HIV-infected Table 3 ).
Among the HAstV-positive cases HEU patients (58.4%; 45/77) were more likely to have nonflushing toilet facilities as compared with unexposed children (41.6%; 32/77; P = 0.005). Nonflushing toilets remained significantly associated in HEU children (aOR, 4.5; 95% CI, 1.9-10.7; P = 0.001; Table 3 ).
From the HAstV-positives that were detected in HIV-uninfected children (n = 149), 47 isolates from patients with known HIVexposure were fully screened. The most common coinfection observed in this subgroup of HAstV-positive specimens was with parasites, 50.0% (5/10) followed by bacteria, 47.6% (10/21).
| DISCUSSION
The study presents new epidemiologic information on HAstVs from selected sites in SA among children less than 5 years of age. These data present baseline information that may be explored further when HAstV disease prevention measures are being investigated. A review of the limitations and merits of this study will guide the design of future HAstV investigations. Astroviruses need close monitoring, especially with the mounting evidence of the extra-intestinal activity of these viruses, often with fatal outcomes. 36 The results show that the prevalence of HAstVs was similar in HIV-infected children as compared with HIV-uninfected children with diarrhoea. The success of the prevention of mother to child transmission (PMTCT) program has most likely contributed to the decreased number of HIV-infected children. 37 The risk of HAstV T A B L E 3 Bivariate and multivariable analysis of epidemiologic characteristics associated with HAstV-positive HIV-uninfected HIV-exposed and HIV-unexposed children disease among HEU patients was not calculated as incidence estimates by HIV status of all patients was not performed.
Among HEU cases, the largest proportion of HAstVs was identified from patients aged less than 6 months old (Table 3 ). This could be associated with the feeding patterns observed in HEU children, that is a milk formula or mixed breastfeeding diet in the first 4 months of life.
These results are similar to an investigation in Iran that reported viral diarrhoeal infections were more frequent in patients that were not exclusively breastfed. 38 Patients exposed to HIV may be fed milk formulae on account of the HIV-infected mothers' fear of infecting her baby through breastfeeding. 39 The child may have decreased levels of maternal antibodies and be more susceptible to all infections, including
HAstVs. While these speculations were not substantiated by the study design, these observations may support the promotion of breastfeeding by HIV-infected mothers. [39] [40] [41] A cohort study in SA compared all infections in HEU and unexposed children and reported that while both groups were equally susceptible in the first year of life, 42 HEU children were at a higher risk for more severe infection events that would require hospitalisation. 42 In the present investigation of hospitalised children, more HAstV-positive cases were HEU than unexposed children.
Whether the HAstVs detected were associated with causality of hospitalisation could not be determined or validated as incidence rates were not calculated.
Astroviruses are usually detected as milder infections 3 after. 43 The effect of the RV vaccine on HAstV gastroenteritis was not investigated in this study. However, studies have reported that the introduction of the rhesus tetravalent RV vaccine had no remarkable effect on HAstV gastroenteritis prevalence. 44 Astroviruses were detected at a median age of 9 months among patients. A cohort study in Egypt investigating communityacquired diarrhoea in children less than 2 years, detected HAstVs with the highest annual incidence rates in patients aged 6 to 11 months. 45 This study also suggests that a HAstV vaccine must The absence of an indoor water supply was frequently identified with HAstV-positive patients. The main external sources of water used were boreholes, communal taps, rivers and water tanks. The quality of the water from these alternate sources was not tested and the transmission of HAstVs through contaminated water sources is documented. 48 The disruption of good hygiene practices may also occur with the lack of water for disinfection, washing and other domestic purposes in the home.
Astrovirus-positive HEU patients were more likely to have nonflushing sanitation facilities, as compared with unexposed cases.
Based on the assumption that HAstV-positive HEU patients were more susceptible to infections with the absence of exclusive breastfeeding and the reported increased risk for severe hospitalised infections in these patients, it can be reasoned that HEU patients would also be more prone to person-to-person spread of HAstVs. The increased frequency of HAstVs among HEU cases with nonflushing toilets may allude to breaks in disinfection procedures after using nonflushing sanitation facilities and the subsequent spread to HEU children. The potential carriage of HAstVs by HIV-infected caregivers and subsequent transmission to HUE children is highlighted. Educating the community about infection control is the recommended solution.
In this study, the HAstV-positive cases were not compared with a diarrhoea-free control group. The burden of diarrhoeal disease attributable to HAstVs must consider asymptomatic carriage in the community. 7, 11, 14 This limitation in the study may have resulted in an underestimation of the total prevalence of HAstVs as only a hospitalised population was included. Further, the absence of a control group restricts calculating the attribution to causality related to HAstVs. The prevalence calculated in the study is thus relevant for hospitalised cases only and does not reflect the prevalence of HAstV disease in the general population of the sites investigated. The clinical features associated with HAstV-diarrhoea were not distinct within the sample population. Astroviruses are associated with milder illness 3 and thus more suitable subjects for HAstV investigations would be from the community and children attending outpatient facilities. Many specimens in the study were partially screened and the regression model included variables that did not have information for all observations.
In conclusion, although the study highlights the group of children hospitalised for diarrhoea that were most frequently HAstV-positive, community studies and investigations at outpatient facilities are recommended to establish the burden of HAstV-diarrhoeal disease in SA.
